Assessment of an impact of mechanical regulation on selected morphometric and productive parameters of invasive Solidago canadensis population in agricultural land.
Repeated mowing is considered as one of the effective control methods against species of the genus Solidago. This paper evaluates the impact of the repeated mowing on selected morphometric and productive characteristics of the invasive neophyte Solidago canadensis in the district of Rimavská Sobota in Central Slovakia. Permanent research plots (PRPs) were established within anthropogenic habitat on an abandoned land that was divided into two variants. In the first variant, the mechanical regulation -mowing was applied. The second variant was without the regulation. The mechanical regulation of the populations was carried out in June and August during the growing season 2011. The results showed that the mechanical regulation did not have a clear impact on the population density. The decreasing trend of the number of shoots within the mowed variant was found only in one research plot (PRP3). The other plots showed an increase in the number of individuals by 2.7 and 32.7% between the mowings. Statistically highly significant differences in terms of the mowing impact on the height of the individuals were found in all PRPs. The difference in the weight of dry aboveground biomass between the mowings was 221.87 g, which represents 36.41%. Double the difference (48.8%) was recorded in the dry weight of the underground biomass in the regulated stand compared with the unregulated stand (165.1 and 322.5 g/m 2 , respectively). Although there was a short-term success achieved by the application of the two mowings during the growing period, the pursued objective was not reached.
In Europe, changes in the traditional way of land management lead to the land degradation and changes in diversity and structure of ecosystems (Stoate et al. 2009; Navarro & Pereira 2012; Fehér et al. 2012) . Abandonment of formerly managed lands is a result of changes in local and global economy as well as changes of social and political conditions and depopulation of rural areas (Cramer et al. 2008; Midriak et al. 2011) . These changes often lead to an increasing number of large unproductive areas, mostly abandoned fields. Farmland abandonment may both negatively and positively affect biodiversity (Queiroz et al. 2014) . A negative consequence of such a change of land use is an expansion of aggressive weed species and/or these areas become more susceptible to invasion by alien species. Several authors (Lambdon et al. 2008; Chytrý et al. 2009; Szymura & Szymura 2013) indicate that mainly abandoned fields are prone to establishment of invasive species of the genus Solidago in Europe.
Therefore, it is necessary to ensure radical management treatments resulting from the knowledge of these species (Hobbs & Humphries 1995; Child & Wade 2000; Wittenberg & Cock 2001; Myers & Bazely 2003; EEA 2010) . Some authors suggest several methods of the invasive species control including mechanical, chemical and biological regulation (D'Antonio & Meyerson 2002; Musil et al. 2005) . Mechanical control (e.g. mowing, cutting, uprooting) is preferred in cases when the population of invasive species occupy a small area, or a few individuals occur (Zárubová-Prausová 2001) . A disadvantage of this control is that intensive manual work always prevails and regulation must be repeated for several years to remove all individuals (Wittenberg & Cock 2001) .
Solidago canadensis L. (Canadian goldenrod) is a perennial weed, native of North America (including eastern and southern USA, Canada and Mexico) (Wagenitz 1979 ) that is among the most successful invasive plant species in the world (Weber 2003) . This exotic herbaceous plant (family Asteraceae) is characterised by erect and unbranched stem, up to 2 m high with creeping rhizomes. Alternate stalkless leaves are lanceolate with serrulate margins. The species flowers from August to October. Fruit is pubescent achenes (Dostál & Červenka 1992) . In the wild, it settles mainly at synanthropical sites as well as abandoned farmland, accompanying vegetation of streams, river banks and infrequently grazed pastures (Werner et al. 1980; Voser-Huber 1992) . Its invasive potential is achieved by effective combination of vegetative growth (that enables the plant to occupy habitats in short distance) and long-distance dissemination (that helps to penetrate to new locations). The species prefers open, sunny, little shaded habitats with sandy soil. However, it tolerates a fairly wide range of soil fertility and texture conditions (Werner et al. 1980) . In Slovakia, its optimum conditions of distribution can be found in upland level, but it also occurs in lowlands and foothill areas. Medvecká et al. (2012) reported that the species was introduced into Slovakia in 1872. Lohmeyer and Sukopp (1992) (Láníková et al. 2009 ). Several characteristics (fast escaped into wild, creating homogeneous dense vegetation and spreading by the long rhizomes, high production and good seed germination, various options of spreading and production of allelopathic substances) contribute to the mass spread of the species. In accordance with the Act no. 543/2002 Coll. on Nature and Landscape Protection and Decree of the Ministry of the Environment No. 158/2014, S. canadensis is included among invasive plant species that must be removed from the environment. In Slovakia, it easily occupies disturbed anthropogenic sites, but in recent years, it can also be found in the closed stands of grasses and begins to penetrate into abandoned agricultural land. Thanks to its ecological plasticity, the species begins to occur casually also on arable land (Mižík 2006) . The aim of this paper is to assess an impact of the mechanical regulation (mowing) that is considered an effective control method on selected morphometric and production indicators/parameters of the invasive species S. canadensis stands.
MATERIAL AND METHODS
PRPs were established in the cadastral area of Potok village (Rimavská Sobota district) with a total area of 513 ha. The area is situated in the southeast region of Slovak Ore Mountains in Revúca highland, in the valley of the stream Blh that belongs to the water catchment area of river Slaná. The altitude of the village is 310 m above sea level (a.s.l.), varying from 300 to 508 m a.s.l. in the whole cadastral area. Its nature classifies it to hill land and highland areas. The area belongs to warm climate region and warm, moderately wet zone with cold winter (Lapin et al. 2002) . Prevailing soils are cambisols modal and anthrosol with low to medium humus content (Bielek 2002; Šály & Šurina 2002) . The production potential of the agricultural land as well as the index of the agricultural potential is low (Džatko et al. 2002) . S. canadensis was recorded in different types of habitats in the studied area: riparian vegetation, fragments of moist to wet meadows, built-up area of the village and pastures (Kliment et al. 2000) .
The experiment was established within anthropogenic habitat on an abandoned land that was formerly used for growing various agricultural crops. The dominant species was S. canadensis L. covering 80%. The accompanying species involved Arctium lappa L., Armoracia rusticana P. Gaertn., B. Mey. et Scherb., Cirsium arvense (L.) Scop., Lamium purpureum L., Leucanthemum vulgare Lam., Stellaria media (L.) Vill., Taraxacum sect. Ruderalia Kirschner, H. Øllg. et Štěpánek and Urtica dioica L. The total size of this abandoned field was 12.4 × 25.6 m. The area was divided into two partial sections. One section represented a variant where the mechanical regulation -mowing was applied. This variant included three PRPs (PRPs 1-3) with an area of 1 × 1 m. The plots were set out further from the stand edges to avoid negative impact of the edge effect. Mechanical regulation of the populations was carried out by repeated mowing on June 8 th 2011 and August 30 th 2011. Only the aboveground parts of the plants were removed by the mowing. The dates of measurements and sampling of the plant material for its further assessment corresponded with the dates of the mowing. The whole aboveground biomass was removed from the rest of the area to avoid growth support by underground organs. The second part of the plot represented a variant without the use of regulatory measures -mowing. Similarly, to the first part, three PRPs (PRPs 4-6) with an area of 1 × 1 m were established. The dates of measurements corresponded with the dates of the mowing. The population density (stem/ramet per m 2 ) was determined by the census of ramets in both variants. The plant height was determined by measuring the length of the main stem (from the base to the apex). The sampling of the total aboveground biomass was performed in the variant with the application of the mechanical regulation twice during the growing season 2011. All individuals growing in the PRPs were collected. Fresh weights of the biomass as well as dry weights after the drying of the samples in the laboratory at 85°C were investigated. The sampling of the underground biomass was conducted at the end of the growing season -October 29 th 2011. The underground biomass was collected from an area of 1 m 2 in both variants. The significance of differences (at P < 0.05) in plant height between both mowings was checked by the statistical method (Analysis of variance -ANOVA) using the Tukey test.
RESULTS AND DISCUSSION
The results of the evaluation of the population densities between the first and the second mowing showed that the number of individuals increased in the plots PRP1 by 2.7% and PRP2 by 32.7%. Unlike the first two variants, a declining trend in the number of individuals between the mowings was recorded in the plot PRP3 (by 7.98%). 2 ). In Switzerland, Joshi and Matthies (1996) recorded lower coverage of S. canadensis after 5 years of annual mowing in a mowed variant (12%) compared with a variant that was not mowed (41%).
The key factor for a better adaptation of alien species into environmental conditions and competition with native species in non-native region is a phenotypic plasticity (e.g. shoot height and biomass allocation to shoot and root). The evaluation of the population size structure in the regulated variant revealed that the studied populations were formed mostly by individuals belonging to the fifth (78.1-93 cm) and sixth (93.1-108 cm) size class at the first mowing of all three PRPs. These individuals accounted for 75% on PRP1, 75.46% on PRP2 and 65.03% on PRP3 (Figure 1) . Huang et al. (2007) reported that the vegetative growth period was mainly from March to September and summer was an overgrowth period for vegetative growth and clonal reproduction in the subtropical conditions of China`s eastern coastal area. In Central Slovakia, the height increments regularly achieved maximum value at the end of July during the period 2000 (Mooschová 2006 .
At the second mowing, the highest proportion of individuals was in the third (48.1-63 cm) and the fourth (63.1-78 cm) size class in all three PRPs (Figure 2 ). These individuals represented 47.37% of all individuals on PRP1, 59.59% on PRP2 and 46.66% on PRP3. The third size class was the most abundant in all PRPs. The analysis of variance revealed statistically highly significant differences in terms of impact of the mowing on height of individuals in all PRPs (Table 1) .
At the second mowing provided in late August, the height parameters were lower compared with the first mowing provided in early June and plants did not create inflorescences. Our results correspond with finding of Cvachová and Gojdičová (2003) , who recorded that the lower vitality and lower growth of individuals is contributed to the mechanical destruction of invasive species. The plant height and the size of the inflorescences affect the invasive potential of the species (cf. Melville & Morton 1982) . Effective control of the creation and dissemination of seeds is essential in order to prevent spread of the invasive species over great distances (Wittenberg & Cock 2001; Wilson et al. 2009; Guo et al. 2009 ).
Some authors (Yuan 2008 ; Domaradzki & Badowski 2012) recommended a chemical regulation of Solidago species in non-arable and fallow land using herbicides containing selected active ingredients. Chemical control represents an effective method to control the growth of underground rhizomes of S. canadensis (Yuan 2008) .
The dry weight of the aboveground biomass in the regulated variant achieved the highest value at the first mowing in all three PRPs. The individuals had the highest and the thickest stems and the largest number of leaves and internodes in that period. The average weight of the dry aboveground biomass was 609.33 g/m 2 at the first mowing and 387.46 g/m 2 at the sec- ond mowing (the difference between mowings was 221.87 g/m 2 - Figure 3 ). Biomass allocation to individual functionally important parts of plants (e.g. underground rhizomes, roots) leads to increased access to resources that can support individual clonal shoots in a later period. The evaluation of the dry and fresh weight of the underground biomass was made at the end of the growing period in both variants. A significant difference, almost double the difference, was recorded between the regulated and non-regulated variant (Figure 4) .
The dry weight of the underground biomass was 165.1 g in the regulated variant and 322.5 g in the non-regulated variant.
CONCLUSIONS
The objective of this paper is to assess the application of one type of mechanical regulation -mowing provided two times per year that could be used for the control of S. canadensis stands in abandoned Values followed by the different letters column-wise (a, b) were significantly different in the Tukey test (P < 0.05); ++ statistically highly significant difference between the mowings Abbreviations see Figure 1 T a b l e 1 Variants weight of fresh mass weight of dry mass about 1 kg/m 2 after the two mowings. The difference in the average weight of the fresh aboveground biomass between the mowings was 1201.66 g. The total weight of the fresh aboveground biomass reached on average 5.3 kg/m 2 after the two mowings. A significant difference, almost double, was recorded in the dry and fresh weight of the underground biomass between the yields of the underground biomass in the regulated and non-regulated stand. Although there was a short-term success (decrease in the production of the aboveground and underground biomass and statistically highly significant effect on the height of individuals) achieved by the application of the two mowings during the growing period, the pursued objective was not reached. It is therefore proposed to supplement the mechanical regulation by a chemical regulation that would reduce the seed production and limit their germination and suppress the growth of underground rhizomes, thus preventing further spread of the species to new habitats.
